We investigated the cholesterol-lowering effect of a potato ethanol residue (PER). The plasma cholesterol levels excluding high-density lipoprotein cholesterol were lower in the rats given a PER-containing diet for 6 weeks than in the control group, whereas the fecal cholesterol levels were higher. These results suggest that PER partially reduced plasma cholesterol levels via excretion of cholesterol into the feces.
Some alcoholic beverages are produced by fermentation of carbohydrates using yeast, 1) and in this process massive amounts of by-products are generated. Byproducts derived from crops often contain dietary fiber (DF), which has been reported to have physiological functions. [2] [3] [4] Blood cholesterol is known to be a risk factor for atherosclerosis and cardiovascular disease, 5) and lowering its level is desirable. In Japan, potatoes are sometimes used in producing alcoholic beverages such as shochu. Potato pulp (PP), a by-product of potato starch processing, contains an abundance of DF and has similar effects in rat. 4) By-products of potato ethanol production might also have a cholesterol-lowering effect although their effects on cholesterol metabolism have never been demonstrated. In this study, we investigated the effect of a potato ethanol residue (PER) on cholesterol metabolism in rats.
First we obtained PER as follows. Mashed potatoes were digested with -amylase and cellulose (Liquozyme and NS50012 respectively, Novozymes Japan, Chiba, Japan). The suspension was gelatinized by heating and then saccharified with glucoamylase (Spirizyme Fuel, Novozymes Japan). The glucose concentration of the solution was measured by Glucose CII-Test Wako (Wako Pure Chemical Industries, Osaka, Japan). Ethanol fermentation of the solution was carried out at 30
C for 24 h after the addition of 16.5 g of bakery's yeast US (Oriental Yeast, Tokyo) to 1 kg of saccharide. The ethanol fraction was squeezed out, and the residue was dried and disintegrated to produce the PER. The composition of the PER and PP powder was analyzed, 6) and were as follows: protein, 28.3 and 3.3 (g/100 g); fat, 21.8 and 0.1; carbohydrate, 28.3 and 81.8 (including water-soluble DF, 12.7 and 11.3 and water-insoluble DF, 12.2 and 41.5); ash, 14.8 and 1.7; and moisture, 6.8 and 13.4 respectively. We prepared a control diet, a 20% PER-containing diet, and a 9.5% PP-containing diet (CT, PER, and PP diets, respectively), as the compositions of these diets were arranged to contain the same amounts of dietary fiber, carbohydrate, protein, lipid, vitamins, and minerals based on the AIN-93G diet.
7)
Seven-week-old male Wistar rats were purchased from Japan SLC (Hamamatsu, Japan). All the animals received humane care as outlined in the Guide for the Care and Use of Experimental Animals (Animal Care Committee, NARO Hokkaido Agricultural Research Center). Individual rats were housed in wire-bottomed cages and maintained at a temperature of 24 AE 1 C and a humidity of 40 AE 5%, under a 12-h light-dark cycle. After acclimation for 1 week, the rats were divided into three groups of six rats each that received the CT, PER, or PP diet for 6 weeks. At 6 weeks, blood was collected from the tail vein of overnight-fasted rats and centrifuged at 1;500 Â g for 15 min at 4
C to obtain plasma for measurement of cholesterol levels. At the end of the feeding period, the rats were killed under diethyl ether anesthesia, and the liver was collected to measure mRNA levels. Feces were collected for 4 d before the end of the feeding period. Plasma cholesterol levels and fecal cholesterol and total bile acid levels were measured as reported previously. 4) Real-time polymerase chain reaction (PCR) was conducted to determine the abundances of mRNAs:
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As shown in Table 1 , high-density lipoprotein (HDL)-cholesterol levels in the plasma did not differ between groups, whereas non-HDL cholesterol levels, estimated by subtracting the HDL-cholesterol levels from the total cholesterol levels, in the PER and PP groups were significantly lower than in the CT group. As non-HDL cholesterol does not show the detailed plasma composition of cholesterol despite its clinical value, 5 ) the cholesterol content in each lipoprotein fraction should be also measured to determine the details of the mechanism. The fecal cholesterol levels in the PER and PP groups were higher than in the CT group. As the fecal cholesterol was mainly endogenous, the excretion of fecal cholesterol might have been involved in the reduction of plasma cholesterol levels in the PER and PP groups.
In the PP group, hepatic Abcg5 and 8 mRNA levels tended to be higher than in the CT group (Fig. 1A and  B) . This suggests that PP promoted the excretion of cholesterol into the feces via induction of this transporter in this study, because hepatic ABCG5 and 8 dimer is a transporter of cholesterol and phytosterol into the bile. 8, 9) In the PER group, the hepatic mRNA level of Cyp7a1 was higher than in the CT group (Fig. 1C) . Hepatic CYP7A1 lowers the blood cholesterol level by converting cholesterol to bile acids. 8, 10, 11) The fecal total bile acid level of the PER group tended to be higher (by 23%) than that of the CT group, but not significantly. Hepatic Cyp7a1 mRNA levels were positively correlated with fecal total bile acid levels (r ¼ 0:545, p < 0:02). This suggests that the high mRNA level of hepatic Cyp7a1 in the PER group was involved in the reduction of the plasma cholesterol level by this conversion. Differently from Abcg mRNAs, the mRNA expression of hepatic Cyp7a1 (Fig. 1) cannot explain the larger amount of fecal cholesterol in the PER group than in the CT group (Table 1) , because hepatic CYP7A1 is not directly involved in the excretion of cholesterol to feces. Some DFs inhibit micelle formation (which includes cholesterol) in the intestine and lower the blood cholesterol level, 10, 12) although the absorption rate of cholesterol in the intestine was not evaluated in this study. Conceivably, cecal fermentation of DFs and/or intestinal bacteria also improve cholesterol metabolism. 3, 4, 13, 14) The DF fraction of PER or PP, more than induction of hepatic mRNAs, might have promoted the excretion of cholesterol directly or via fermentation in the cecum. The hepatic mRNA levels of low-density lipoprotein receptor (Ldlr), hydroxymethylglutarylcoenzyme A reductase (Hmgcr), sterol regulatory element binding proteins (Srebf1 and Srebf2), and apolipoproteins (Apoa1 and Apob) were not changed by the present diets (data not shown). The different expression of mRNAs between the PER and PP group are might have been due to metabolites and cell components of yeast in PER, 1) although the main components that affect the induction of these mRNA remain unclear. Phytosterols, which affect induction of Abcg mRNAs, 9) might have been involved in cholesterol metabolism in this study, while many transcriptional factors and intracellular signaling also regulate the mRNAs of cholesterol-related protein. 11) To clarify the mechanisms, measuring the activities of these factors and this signaling might be also important, in addition to alteration of mRNAs themselves.
In our previous study, a 20% PP-containing diet was given to rats for 4 weeks. This diet reduced both plasma total cholesterol and non-HDL cholesterol levels, increased the hepatic Cyp7a1 mRNA level, but had no effect on fecal steroid levels.
4) The present PP diet contained half of the amount of PP used in the previous study, 4) to mimic a regular diet. 7) Thus, high-level administration of PP might improve the plasma cholesterol level via higher expression of hepatic Cyp7a1 mRNA, whereas an increase in fecal steroids may require the administration of PP for more than 4 weeks. In these experiments, comparison of respective results was disrupted due to multiple conditions among studies, PP level and the experimental period. To avoid this, the differences should be minimized in further studies.
In conclusion, diets containing PER or PP reduced certain cholesterol components by promoting the excretion of cholesterol into the feces of rats, although the excretory mechanisms might have differed between the PER and the PP diet. These supplements may be beneficial to health.
